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The invention disclosed in this document resulted from 
research in aeronautical and space activities performed under 
programs of the National Aeronautics and Space Administration. 
The invention is owned by NASA and is, therefore, available 
for licensing in accordance with the NASA Patent Licensing 
Regulation (14 Code of Federal Regulations 1245.2). 

To encourage commercial utilization of NASA-owned inven- 
tions, it is NASA policy to grant licenses to commercial 
concerns. Although NASA encourages nonexclusive licensing 
to promote competition and achieve the widest possible utili- 
zation, NASA will consider the granting of a limited exclusive 
license, pursuant to the NASA Patent Licensing Regulations, 
when such a license will provide the necessary incentive to 
the licensee to achieve early practical application to the 
invention . 

Address inquiries and all applications for license for 
this invention to NASA Patent Counsel, Ames Research Center, 
Mail Code 200-llA, Moffett Field, California, 94035. Approved 
NASA forms for application for nonexclusive or exclusive 

license are available from the above address. 
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LOW DENSITY B I SMALEIMIDE- CARBON 
MICROBALLOON COMPOSITES 
Invention Abstract 


The invention relates to a process for a composite laminate 
structure which exhibits a high resistance to heat and flame 
and upon ignition and evolves a minimum of toxic and noxious 
fumes. Low density laminate composites of the invention are 
prepared by bonding a bismaleimide face sheet with a bis- 
maleimide resin to a bismaleimide honeycomb core filled with 
carbon microballoons . 

Composite laminate structures of the invention are prepared 
by the bismaleimide resin preimpregnation of a fiberglass 
cloth to form a face sheet which is bonded with a bismaleimide 
hot melt adhesive to a porous core structure selected from the 
group consisting of polyamide paper and bismaleimide-glass 
fabric which is filled with carbon microballoons. The carbon 
microballoons are prepared by pyrolyzing phenolic micro- 
balloons in the presence of nitrogen. A slurry of the carbon 
microballoons is prepared to fill the porous core structure. 
The porous core stvucture and face sheet are bonded to pro- 
vide panel structures exhibiting increased mechanical capa- 
cities and lower oxygen limit values and smoke density values. 

The invention in using bismaleimide resins and adhesives and 
the utilization of a carbon-microballoon polyamide paper and 
bismaleimide core provides panels having minimal smoke and 
toxic fume production upon ignition. Consequently the pre- 
sent invention provides safer interior structures for aircraft 
and submarine compartments . 
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IX)\V DENSITY ]MSJ'.lAL]::i;\invE-CAHBON i\llCHOBALlXK)N COIU rosn'j:S 


ABSTRACT OF THE DISCLOSURE 


A proces.s for llio pfcparation of composite laminate structures of glass 


cloth preimprcgnatecl with polybismaleimide rcsi)i and adhered to a polybis- 


malcimide glass oi’ aj'omatic polyamide pap:-!- honeycomb cell structure filled i 


or partially filled v/ith a syntactic foam consisting of a mixture of bismaleiniidi 


resin and carbon microballoons. 


The carbon rnicroballoons are prepared by pyrolyzing phenolic micro - 


balloons and subsequently bonded using a 2% bisrnaleimide solution. The 


laminate structures arc cured for two hours at '177° K and arc adhered to thi* 


o 

lioneycomb bisrnaleimide tidhcsivc using a pressure of 7001:N/m pressure 


at '1!?0°K. TIjc laminate composite is. then post-cured for two hours at 527'jt 


to produce a composite laminate having a density in the range from al^out Oii 


kilograms per cubic meter to 130 kilograms per cubic meter. 


*-1^ *a'. . 


The invention described herein was made by employees of the United 


States Government and may be manufactured and used by or for the Govcrnmeiit 


I 


for govcj’nmental purposes without the payment of any i-oyaltie.s thereon or 


therefor. 
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HAc'K('.ROUNiM')r 'iin: invention 


I'icld of Iho Invt'nlion . 


The prcseiil jjivention rclalc-? to u i)j'cc'e.sK for llic pj’eiKU’alioii of io'.v 


''’cnsity composite laminate structures c onsistin <5 of a bisnialcimicic-glass 


laminate face sliects adhered to a Insmalcimidc honeycomb structure con- 


taining 


carbon microballoons bonded with bismalcimiiJe resin. Panels and 


.structures prepai'ed in accordance witli the pj'cscnt invention are useful a.s 
aircraft ]:)anels and panels for vessels v.diich require high ignition te>nperaun 
and miniminn of gassing and evolution of noxious and toxic finnes \ipon ig- 


nition. 


Description of the ITior Art 


Panels and structures employed by niJinufactm-crs as the interior p'o e 


ing of aircraft and vesrjcis subject to confined o)’ constricted cn\n ronn.en’LS 


have generally employed glass-epoxy resins combined with a polyanildc: ce.' " 


The prior art structures due to tlm presence c^f cj^oxy exbiljit large ;,-mo!;e 


evolutions and a lov.' fire containment capacity when suVijected to !;eat or 


flame. 


In general the panels and airci-aft lining st •■uctin'cs have 'neen prcpai-c. 


by sillc scrccming the required dceorative surface on a 0, 005 cm polyvinyl 


fluoride film (Tcdlar) by a continuous web prcccs.s. After drying, a 0. 0025 


C 7 T) transparent polyvinyl fluoride film coated on one side with, polymefnyl 


methacrylate is bonded to tlie decorative film to provide protection for the 


printed .surface. 


The laminate is then l^ondcd to one ply of c'poxy-preimpj'cgnateci If'lj; 


glass, and inay have a surface tcxtui-c imposed ciuring the bonding operation. 


Ojic core material presently cmployi'd for sandwich paneling is an aro- 


matic i-)C)lyamidc (sold uiider tlio t'-adenan' '.-fomex IP iI-10) hexagojial-ccll 




r 
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honeycomb structure. The coll si/.c may be 0. ;il2 i;m, 0.G25 cm, or 0.03V 
cm, depending upon llic |>ropeJ-tic.s desired in the fini-^hed panel. 

The prior art method of binding an outer pane] to tiie core consists of 
using an epoxy resin-preirnpregnated bond ply ovei- wliich is applied tlic pre- 
pared glass/polyvinyl fluoi'ide decorative laminate. The resin in the bond ply 
provides the adhesive to bond the outer panel to the honeyeomib and ilie 
decorative laminate to the bond ply. Curing is accomplished at llO^C v/ith 
50 cm Ilg minimum vacuum bag pressure. For a panel requiring a decorati\m 




laminate on one side only, a bond ply is used as the outer panel on the other 
cr back side. 


Stiuictures and panels prepared in accordance with the prior art have 
exhibited relatively lower fii'e containiTient capalnTitie.s because of the absence^ 
of insulative material in the lioneycomb core. The prior art structures also 
evolve hu'ge quantities of smolie and toxic fumes v/hen cx'posod to fire or heat 
due to tlic pi'esencc of the epox 3 ’^ material and the glcss-epoxy resinous sub- 
stixite. 


DESCRTPO'ION OF THE INVENTION 


Summarv of the Invention 


The disadvantages and limitations of the [u-ioi' a)d arc obviated by t):c 
process and material compositions of fne present invention which employ a 
low density' bis7Tialeimide-carbon microballoon couposite. The advantages 
of the invention are acliieved by structuj'es composed of a fame sheet preim- 
pj-egnated with bismaleimido rosin bound with a polyiniide film adhesive to a 
core containing carbon mi croballoons bound in a honeycomb core with bis- 
rnaleimide resin. 
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Structures prepared in accordance with the present invention possess 
exce llent Itierniop'jysical pi'opcrtios. Their ratlier low tliernial conductivity 
renders them attractive .'or \isc as insxilation where higli teinperatx’res arc ir - 
volved. Also of intei’cst in these situations arc the lower oxygen index values 
that these structures possess v. Inch render them more difficult to ignite them 
the materials of tlic art. I'urtherniorc, when exposed to heat and Danie, the 
structures of tins invciilicn exhibit a loiarhed reduction in the density of s’liohe 
produced and in the toxicity of pyrolytic products, l\”o characteristics which 
greatly improve tlic chances of survdval of peojilc in confined spaces. Such 
impi'oved properties, coupled with increased mcchajiical capacities, highly 
recommend tlic new structures for u.'^ein ground vchick'. and aircraft interiors. 

Detail c'cl PescripUnn 

The resins tliat ai-c employed in the construction of the struc tures of the 
invention arc tho.se prepared !.»y the polymerisation of vr.rious bismalcimide.s, 
alone or in the pi'esence of diarnin.o compounds. These monomerr. and jii'e- 
polymers can he illusti-ated liy the following fonnulas; 




viiJut'uiii u^jittiioii io pi’cvciu himping. 'I'lie vi.scosity ol the rcjniUing hO^'o by 




weight 5Jolutioii is lc5s than 10 poises at rooiii temperature initially and in- 


creases rapidly on aging. For best results, tins resin preimpregnation solu- 


tion is prepared immediately prior to use since its maximum useful life is 


about 20 days. 


The process used to impregnate l’:e resin solution into the glass cloth 


consists in passing a dried fiberglass cloth through a preferably SO'Jo by 


weight solution of the bismaleimidc resin. The wet cloth is then led between 


a steel roller and a wiper blade to assist impregnation and remove excess 


resin. Uniform impregnation of the glass fabric is achieved by pulling the 


clotli through the resin solution at a constant speed of 0. 6 meters per minute. 


with a constant wii-)cr blade pressure exerted on the impregnated cloth. T'ne 


prepregged cloth is then dried and partly cured by heating it in an oven fo: 


15 minutes at 355°K and then for 30 niinutes at 3G6^’K. Prepregged elolb pre- 


pared in this manner lia.s aii.avcra.ge rosin content of 41. 3% and an average 


volatile content of 5.2%. 


T'he prepregged shec' may then be cured by using either an autoclave 


vacuum bag toclmique or by the platen pressure method, both of which being 


well Icnown to those skilled in the art. In the autoclave vacuum bag technique, 


a 33 cm x 33 cm prcpi-egged single layer cloth is sandwiched between jiorous 


Teflon-coated glass fabric sheets and is placed on a 0. 0 thick, aluminum plate. 


A glass bleeder cloth is pUxeed against the sandwiched preprrg. The assembly: 


is tlien vacu im bagged and cured at an cxtei-nal pressure of about 34 5 k.'N/rrU 


at a temperature of about 450°K for one houj-. In tlie press cure method, a 


33 cm X 33 cm preprcggc'd sheet is sandwiched lietwecn porous h eflon-coati d 


glass fahi'ic sl/eels ami cured between 0. G cm thick aluminuni plate.s trealeci 


with, a mold release agent. 'I'lie preprc;g is eurcal at about 345 kN /rn‘" for oju; 


hour at about 4 50°K 



After eurinjf, the face sheets aic evaluated for vi.:ual defects includiji 


flaws, voids, Ihiehncss unifoianity, and for ra.-sin l onti'jil. 'J'he sliccls arc 


{generally about 0. 025 cm in thickiicss and contain 30% to 3'J% of the resin dry 


basis. The resin face slicets may thereafter be bonded with a ixilyamido 


adhesive to a h.oneycomb core filled with carbon rnicroballoons, to provide 


a sandwich structure panel assembly In the jnanner hereinafter described. 


Core Fabrication Process 


The core structure is fabricated bv inti'oduein;{ carbon microballoons 


into a suitable fiberjjlass-hi.sinaleimide honoyco7nb core and securing tl)o 


rnicroballoons by means of a bismaleimide adhesive. The coi'c iT'.ay consist 


of eithorcLn aromatic polyarnide-papcr honeyco3nl> co3n!)ination, with 0.3 cm 


diameter cells (Nomex irnil-lO), or preferably a '.o'smalcimidc-gla.ss fabi ic 


honeycomb, witli 0.935 can diainctcr cells (Kcj’imid (KH). 


The carbon microballoon-.3 are prepared by pyrclising phenolic micro- 


balloons in a large stainless- steel conlaim-r Y.'hich has been purged villi nitro- 


gen to contain an oxygen-free atmo.sphcrc. Typical plienolic mici-obalioons 


that can be \!sed for this purpose are described in va.rious patent. s, parti eularl\ 


in U. S. patent 3, 030,215. 'J'hc specific phenolic iTiicroba] loons pyrolizc-d in th' 


present instance had the following spcci-ricalion.s; 


Bulk density 
Ti ue dcn.sity 
Particle .si/.e 
Broken balloons 
Volatiles 


0. 10 - 0. 12 g/cc 
0, 322 - 0, 33^1 g/ec 
' 2 0 IT! e 51 1 1 , 90 " c 50- 100 i-n o. s I'j 
< 3 % 

S. 0% jr.axirnum 


The fiyrolysis of tVje phenolic rTiicroballoons i.s preferably acc:omp]:shed ; 


by placing the stainless stcrel container in a furnace and then cycling fi-oni 


room temperature to about 10o9°K in four hours, holdii'g at tliat tcmpernlura 


for four hours,* and Iherfafirrr cc^oling to room tcmpo’alurc Ovcr a peiiod o' 


two days. The i-esuUirg carbon microhaP.oons are prcfcralily cooled to a 


r 
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lv' 15 -l ov ■'o'.vr!', before I'cniO^rw of tljc iiili alijio.spuci c, lo j)i'ovc-m 


sponlPiicmjn The carbon microballoons, after pyrolysis, are iir r- i 


ally api’loiiiui ated in the form of lai-j^e cakes wliich require sepaj-ation. Sep- j 


aration may be accomplished by placing the microballoon cakes in a contained' 


with isopropai'ol present in the ratio of one kilogram of carbon microbanooiis 


per scvoi liters of the liquid. Tlie mixture is then vigorously shaken for la 


minutes, as in a paint shaker, with tlie resulting sluri-y being passed throurh [ 


a 20-mesii screen to remove any non-scpai-ated agglomerates. The scrceiied 


isopropanol- carbon inieroljalloon slurry can be used directly foi' core impreg- 


nation to i>rovidc a core to v/hich the face sheet may be attached. 


Impregnation inay be convcnicnlly achieved through various processes 


knov.'n to tlio.se skilled in the art, including vacuum screen processes in which 


the carbon microballoon-isoproiianol slurry is drawn Viy vacuum into the lionc^ 


comb c-oi'c. In .some anplic;. lions, a partially filled honeycomb eore'may be 


J 


advantageous, to provide the .space necessary for expansion of tlie ca’-bon micro-i 


balloon.s during rajiiu tempera iure eliange.s. 


Tlie filled honeycomb core is then sandwiched between two nylon fine 


mesh screens and two aluminum support honeyrombs, and dried for about IG ■ 


hours in an air-circulating cA'cn at about .3GG®K. After drying, the rnicroballo. ’ 


filled core i.s saturaled with a 2% n-rnethyl-2-pyrrolidone solution of tlie bis- 


maleimide rc.sin used ciirlier for impregnation of the facing .slieet. In the 


case of cores partially filled with carbon microballoonig the solulion i.s sprayed 


into tlie cores at low air pressure. With cores that are completely ailed will. | 


rnicrobr.lloons, on the ollu’r hand, the rnicroballoons have a tendency to blov.' 


out du.'-ing spraying and, therefore, the application of the 2 % sobuion is most 


effectively aclrlovcd by brusliing the bismalciniide resin solution over the 


cells. Alter saturation of the mierobulloon filled core v.-ith the 2% bismalei- 


mide resin .solu'iou, the honcyi:oinh is heated for about 2 I r.ui-s et about 




the present ijivoilion iu*e rnoi-e treMoi-ally stable iheni^ully than llio.u 
prior art. 


! o 
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l-'Miinplf - r cm j>;u’u uvc 'I'cs t I j ain | 

A l)i sunaU-iiiiidc-cH rbon microballoon composilc v.'as prepared in accord'- 
ance v/ith 1’ne procedure given in llie detailed description of tiie invention al?ovr 
'J'hc composilc \.'as siiTiilar to eompositc No. 2 in Talilc No. 1, above, and had 
a density of 1 13 kg /in" . 'I'he follov/ing .scries of tests were run to compare 
said composile structure of llie present invention with those of the prior art. 


Her; t 'J'ran.srn i s si on Te s t 

In thi.s test, a test fi.xtui-e \va.s ciDployed that is known a.s the Ames 3~T 
facility. This fi.vturc is essentially an oil burner burning JP-4 jet fuel in a 
fire bi'i(d; lined combu.''tion chamber at a vvJ.e of aliout 1-1/2 gallons per hoiu , 
The combustion chamber has various openings so that samples can be testi.d 

9 

at a deujircil lieating rate. The lieating rate selected was 10. <1-10, Ow/enT, 
and the te.st con.sisted of placing a sample of the compo.site ovci’ an opening 
in the comlm.stion cliambei'. A temperature semsing dc\dcc was idaccd over 
the liacking plate so that llic time reejuired for llic back face to rea.cl) a selec- 
ted temperature could be measm-cd. 

'J'lie J'csults c>f the (wperiinent ai'c set fortli in Table 3 below. 


‘■PABNi : 3 

Ileal Transmission Comnarison 


Sarn ’pl e 

I\la1eria1 

Thi ckness 
(cn '. ) 

Density 
Kg /rn'^ 

Time to l^each: 
373 "K (sec. ) 

473 '’K 
(sec, ) 

3-1 

Prior Art 

2. 34 

95 

80 

140 

1 3-2 

Present 

2. 34 

1 13 

300 

4G5 

• 

Invent ion 





11 

can hr.' aiiprcciatcd from 

Table 3 above tliut in the ca.se of 

t 

Sample 1, 1 

1 

which is 

typical of the prior art compo.sitcs. 

the sample reached 

C 

O 
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seconds, wheieas Saiiiple 2, prepa)‘c:d in accor-dann; with the jn-esen* invan- 
lion, I'cquix'cd 300 seconds to reach Ihc same temperature. 


Pyrolysis Test 
^ 

A low density bismaleimidc-earbon microballoon composite, similar 
to Composite No, 2 in Tabic 1, was fjround to a fine particle si'/an 'J'he pai - 
tides (Sample No. 3-3) were subjected to pyrolysis in a vacuum at nboiit 
i 73 °K for about 3 minutes. The major volatile pj'oducts obtained are shown 
in Table 4 below, as determined at 2DG‘’K. 

'J'ABU: 4 

Volatile Pi'oducts fi’om Pvrolvsis at 073 °K 


Sainple No, 

Compound 

Quantity 

00 

1 

00 


c,f com )rj raid pi:'v p 



ijiilial sanvplc 

(present 



invciition) 

CO.. 

] 55. 3 


cx/^ 

14. 3 


CIT^ 

1. 3 


11 CN 

5. 9 


Nib, 

o 

3. G 

1 

data, which accounts for 

about 20^a of tixc 

combustion products releases.! j 


in tlie atmosphere, docs nc>t indicate any improvement of the present structurr; 
over those of the px'ior art. 


TIko’ rn a IjfT^ n ductiviiv Te .s t 

A low density Ijismaleimide-carlxon mi cro’.jalloon comi'osite (S:n-nplc 
3-4) similar to Composite AO. 2 in Table 1, was tested to detej’minc thcr-nrd i 

I 

conductivity (AS'J'.M -J- C- 177-45). '!’hc thermal conductivity of ihe cori'.)) 0 ; i t( . | 


& 


havin;j a dcn.'^ity of 108 was 'I. 982 • V/. irn/ vrn^ ^C. Ouo U> l!: 

carboli mici-oballoons-bisinalcimidc syntactic foam pra'scnt in llic bonoycon'' 
the conductivity is lov/er than that of prior art composites, thus providing 
belter insulalion and better fire resistance tlian prioi' art structui'cs. 


Smoke Evolution Test 


Another bismaleimide-carbon microballoon composite, similar' to coi;e 
posite No. 2 in Table 1, with a density of 100 kg/m^ (Sample 3-5) was sub- 
jected to a series of tests I'em to compare smoke evolulion from composites 
of the present invention v/itli that of composites of tlie prior art (Sample 3-1), 
The NRS Smoke Chamber vras utilized as described by tlie National Fire 
Protection Association, Pull. 2 50-T ( 1 97-1 ), and Lee T. Ik, luierla’ooratory 
Evolulion of Smoke Density Chamber, National Bureau of Standards Tochni, aP 
Note 708 (Dec. 1971). 

Smoke measurements are expressed in tcm-jis of specific optictal densdiv 

' I 

D^^, which represents tlie optical density measured over a unit patli lenf^tli j 
within a chamlier of unit volume produced from a specimen o^ unit surface I 


area. 


In tlie standard pi occdure foi' conducting a test with the NP3 cha.rnber, 
the percent light transmission, 8’, is determined as a function of time until 
the minimum value is attained. The data is then converted to tt.o specific 
optical density, D,,., where 


^8 " 


[log (100/T)] 
10 


^^QINap pApp. ^ 


The chamber volume. V, is 0. 509 m' ; the liglu path length, B, is 0.91-1 m; • 

I 

2 ! 

and the exposed material surface area, A, is 0. ()0‘123G m . 'J'he maxijnum i 

j 

value of 1) reached in the eliamher is Uumed D . 8’hc tests were t'luediu'li ' ’ 

S' 7 j*l ' ; 


will: a boat .soin’cc whicli gave a boat flux of 2. 5 w/cm"^ under flaining con- 
diiions. Tlie results oblaiiicd arc reported in Table 5 below: 


TAm.i=: 5 



Smoke 13volu 

lirm as Pleasured by 

Liglit Transmission 


Sam pi e 

klaterial 

in 1 . 5 min. 

in 4.0 min. 


3-1 

Prior Art 

53. 0 

53. 1 

58. 7 

3-5 

1 ’resent 
Invent io)i 

1. 0 

4. 9 

13. 2 


11 can be seen from 'liable 5 Ibat Sample 3-1, representing Ibe prior 
aj’l, genci aled the bigher specific optical density value, indicating mucb mor 
smoko produced. This fact could obscure vision mucb faster in a fii'c situati 
tlian composites made in accordaiice with tbe invention (Sample 3-5), Turtlio 
mo) c, tl)o greater toxicity of tbe prior art composites, as iletcrmincd l^y tiic 
next test, is most probably due to this phenomcno.n, rather than to the quantii 
and natx'.re of toxic g.'iscs emilted. 


'J^oxicity 3'es t ' 

A hif’.maleimide-carbon microlaalloon composite, similar to composite 

,3 

?N^o. 2 of 'rable 1, having a density of 120 kg/m' (Samjdc 3--G) was tested to 
provide a comparison of the relative toxicity of the jiyrolysis or thermal de- 
gradation products of said composite, willi those of specimens of the pi’ior 
art. Sampl( s of 1. 0 g size of each wove, powdered, then pyrolyzed in a. seric 
of tests in a quart/- tul.ie, to an ujqier temperature limit of about 700‘^C. The 
effluents of each were conveyed l)v natural tliC'rmal flow into a 4. 2 liter hem: 
pherical cliaml)c;i- containing four Swiss alhirio inalc mice. The apjoratus n;i. 
{iroccdu)-e used wa.s similatr to the one dcscrilicd by ('. .1. lliladr), "F.val’-.:' lif. 


of till* NASA AMiinal TvV'k'vsi' ’’ e ClniMib :*s C'.ia'.iibcr for i i.ro 


o 1 < ! 


Toxicity Screening Test, " J. C’ornbustion ^'o:;iccll• >gy, Vul. "2, No. <i, P-SG-ni 
(November 19V 5). 

The test v/as conducted for 30 minutes, \mlei:s terminated cniTier u).icn 
the death of all four animals. Table 0 below )'e|,ioi*ts the relative toxicity to 
mice of the degradation products from the pov.dcj'cd composites upon heating, 

i 

I 

TAPJ,K6 ■ ! 

j 

li dative Toxieitv o^ Pvi'olvsi.s I’roducts 




Tiinc to Incapacitation 

Time to Death of 

Sam pi c 

Material 

of I\1 ice (minutes) 

l\lic-o (minu.tes) 

3-1 

Prior Art 

18. r> 

2 7. 5 j_ 1 . 9 

3-G 

ITcsent 

No incapacitation 

No deaths 


Invention 

It is apparent that Ihc. cornposile st)-uctures of the pi'csent invendon pr 
duec less toxic fumes than prior art cornposile sti'uctures. 


T\1 ecliani cal Properties T ost - 

Two types of bismaleimiilc-cnrbun iriicroba' loon composites wei e pre- 
pared having properties similar to composites No. 1 and No. 2 of Table 1, 
each having a density of 132 kg/m' . Tests were conducted to compare the 
mechanical properties of the novel composites with the composites of the 
prior arl. The test results are reported in Table 7 belov.-. 

As the results indicate, it is now iiossible to prepare composites, 
according to this in^'en■!ion, that have greater flexural strength both in the 
long beam and short beam configurations thanlhose of the prior art. Similr.il 
improved flatwise tensile strength and cornpressive strengHi niay be achie\'cd. 
Thes(> improvements in mechanical prcgicrties are. attributed to the 1 nsjn^Pci- 
mide I’csin adhesive. 







fjCVci’cJ (n i ie.s ul ii re i)ro.Sfiiiau\-c prioj* ;u‘t conipo.Siu; .sliuii iiov/ h. 
coaiparecl v/ilh tliosc of a composite rci»re5;cnUiUv(; of the novc’l low density 
bismalcimidc-carbon m icroballoon composites of the iiivention for sumijiari- 
zation in Teible 8, below. From this co)npa]'i.son, it becomes evident that wl, 
the composite of the invention is slif'htly poorer tljan that of the prior art in 


flatv/ise tensile strenf;jth and volatile derontposition product at high tcmpei’a-- 
tures, it is as good in terms of several pro])c;rties and more imipor(a.ntlv, 


it excel] s in such crucial aspects as fire endurance. 


srnolie prodttetion and 


relative toxicity of pyrolysis products. 


These latter [iropcrties are of f'om-.Si 


of vital concern in any eonfiited space applications. 
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Tiic invention may be modified foj’ ijaiditndar aj)pUr;iiio'5s in ir . li- ic 
various honcyeomb core confifjuralions luid by mociifying llic r-iric c-f dj. (.-i’ 
microballoons and tl)c concentration of the bismaleimidc soh;lions cjr.plo;. 
Composite structures having densities of fi-om about 9n kg/rn' to ai^oul 

O 

132 kg/m‘ or more, and with thicknesses in the I'ange from 0. cm to 2. h 
cm, are readily produced. While the preferreeJ cc'rc structured is a honey- 
comb having hexogonal cells, any opcn-poicd core slj’uclui’c, that croi be 
filled with the carbon microballoons, can be employed in practicing the: in- 
vcnticjn. It v/ill also be appreciated that tlie bonding of the co'c to the; face 
sheet may be acemnplished by a variety of technicj\ics. 

It therefore v/ill be appreciated tliat the present invention can he iuv- 
plemcntcd in a variety of ways by tlic>se skilled i)i t!ic art to suit parti cub .■ 
recduu'cmcnts v/liicli are v/iihin tlie scope of the invention. While t'.'.c inver’ 
has been disclosed herein by refcn’cnce to the details of preferred crr.l)o<ii-- 
rnents, it is to be understood that such disclosure is intended in aji illusl’u 
live, rather than a liiniting sense, us it is' cohtcn:}dlr;.led that vaiious modi, 
cations in tlie construction and arrangement of the honey cojr.l), an t in the 
process of mailing it, v/ill j-cadily occur to those sh.illed in tlie aid, witliin 
the spirit of the invention and the scope of tlie appended claims. 


